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Structure-activity relationship in nonsteroidal antiinflammatory 
agents, including QSAR in fenamate derivatives. 

Bekemeier H, Bohm R, Hagen V, Hannig E, Henkel HJ, Hirschelmann R, 
Wenzel U. 

First, it is shown that it is not yet possible to outline a generally valid receptor 
model for the non-steroidal anti -inflammatory agents. This is demonstrated by three 
examples of receptor models, namely by the model according to Shen, by the 
receptor concept of Appleton and Brown, and by the concept concerning chelate 
complex formation between NSA and heme iron of the cyclooxygenase complex 
according to Peterson et ah This means that the "custom-made" synthesis of NSA 
with, perhaps, quantitatively and qualitatively better properties is not yet possible. 
On the basis of this statement, QSAR investigations may be justified in order to 
optimize known NSA. In this paper, QSAR calculations on 21 fenamate derivatives 
are reported. For this, both the multivariate and the univariate Hansch Analysis 
were used. Altogether, 16 approaches to QSAR has been performed using 1 - 4 
biological and 3-19 physico-chemical parameters, respectively, with 7-21 objects. 
In all cases a dominating influence of pi has been indicated. Other physico-chemical 
parameters seemed to be of less importance, e. g., sigma, Es, log xi MR, MV, 
parachor, and Verloop's steric constants. Possible new fenamate structures of higher 
biological activity are briefly discussed. 

PMID: 6810662 [PubMed - indexed for MEDLINE] 
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..^-^ trs relationship between chemical 

(The present concept ens- o - . ir ,, Tf ™ t o~v agents ( K5A ) on 

suture of the nonsteroidal * hs ^ ' 

^-; h£ll be demonstrated by 3 
rough and little uniform. s sue, 

sxamulas : 

' ^ onS of the receptor bare been developed uolns the 
L Conceptions of ,ne r t± „ ^ e . S . ox 

chemical structure of *ne mo.u . n£lW l 
indomethacto by ahen (H -«c,dx^ , 




Is Receptor model according to 
indometiiacizi ("P 



the 



:hemical. structure of 



riCKiifc* sitt: peno&ian br the »s:. This iM & 

stoced demonically wite: pnfchsner piratescr. . aiu 
pgynwfc fll £ isW tes tores:* ccrr osfe. All ngrcs- 
reserves. 
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g ^ 0UB bound at an anionic binding site of the receptor, The 
L-doi ring and its methyl and aethoxy group correspond vv-vh a . 
r-iat area and the respective supplement ary binding sites, ana 
the o-chlorobenzoyl moiety is placed in a shallow trough so 
that" the o-chlorobensoyl moiety is twisted against the indol 
r-iyts svstem and in an angular position to it. This torsional 
'and angular oosition of the second ring holds also true for 
other acidic USA (Fig, 2). In diclofenac e. g., the angle 




flufenamic acid 




h 3 co 



CH 2 .COO S 





diclofenac 



Pig, 2; Chemical structure of flufenamic acid, phenylbutaz 
income thaein, and diclofenac, resp.. showing we 
torsional and angular oosition of the aromatic 
subatituent (2) 



19 

Ncnsrer=i=ai wtlinflwamawary ^ sn " 2 

. p „o Wortl the conception? of the receptor 

counts ,o 6, U • ~ * ' substsaces . *he higher the 

- 1- C -r iC : :-tr« receptor the better the 
chemical confor^x-* o=.wecn . 

activity of the compound. 

■ n = tv>at the receptor of the 

- -~\*» ^—"hTSc^o^ en.se which 

acidic HSl - ~e P r s en. eo ; 3y ^ e ?S nce of the 

the biosyntnesxs of -h. ^ gu „ stra tes of the 

acidic H3A with the. recep.o, , th na taglandias and 

cycioosygenase cannot be ™™"*~S^JL* natural 
tne respective endoper oxides. Tne mo»v xmpo. 
^batrata seems to be the arachidonxc -aca. 

C-und and Shen (3, 4), on the basis « £ £ ^ 

of co^er estimation -^JT^^^^-— 
substrate • arachidonxc acxo, ha^e • heir 

J . s followed by an affluxe nje-op-iu , .... , dd ,- 3 

i- j-Vip a doubl e bond of tne aracnxdcnic acxc -S 
upper part .he- *£°~ e ^ itB lower part, tne 

apparently hyorophooxcally fixea, _ -y . r8S . oect iTe 
. 3 .11 ™ fi A ^ double bonds are nouna — th— « . 

* ' ^ * ■ ^ 0T1S ' The abstraction of hydrogen a. C-.3 
electron acceptor re-ons. -n interaction 
of the arachidonic acid a, the xnxt £ ke 
wi th the receptor tahes Place ^J^^^ 
of osygen at. 0-11 occur . .roa ao ,e n 
indomethacin, the KSA sulxnaac xXuS w— >«- 



model (4), 

the fitting of the salicy -tes fences and 



However, the fittxng o, ™ — ^ is rathe , poor. It 

pyra^olidinedxcnec as welx -o- ^ 
a — a- imncrtant to' empnasxze .na. xn w _ _ 

;: o up of* the natural substrate corresponds to 
inhibitor. 



of the- 



sekemsier si cu. 
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w g . 3: Rece^cr site of acidic USA constructed according^ 
the probable conformation of the substrate arachxaonxc 
acid (3, 4{ slightly modified) 



Using s^ce-fillin^ models of . the peroxy radical as the _ 

^cursor of the cyclic endopero^de of the arachidonic ac,, . 

PGC-:; as well as' of models of 2(8) -(3-chloro-4-cyclon S xy2^ J 

-propionic' acid and other acidic cyciooxy E enase inhibitors, 

Appletonand Brown (5) were able to disclose some common 

• " -i .- aa -i-,,-. 0 q Aoeo-nAiac to this, the perozy radical c* 

sX" r *ucTural isa.urea. .ac^j.i..- — b vv - . _ . . 

. . . j, _„n „ t 1 ) -n -r-ts favoured coisfflnnatafla 

arachidonic acid (Fig. 4. formula xj -t= — 
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iam-diateiy sricr to its cyclisati on, (f ormula xi) is most 

to the structure- of 2 (S)-(3-chlcro-4^cIohe^ip^l) 

- 1 . .. f.^,,. ttt) £S well as to that of mdometbaem 
propionic acic ^formula aj-U as we— " 

i^ula IT), ketoprcf en/ (formula V), fenoprofen formula VI), 
IVlofenac (formula VII ) , . ibuprof « (formula Till), ana naprc^ 
(formula IX). respectively. The Clarity mainly appl.es .0 . 
L bold lines of the structures, A. most striK^ Irenes 
to th- conceptions of Shen (1, 3,. 4) consists in the tac, J». 
the ca-boxyl group of the USA now corresponds and, tnerefore, 
competes, with the' parody group in position 11 of the per o^ 
a-achidoni= acid. Part cf - the phenyl-ring cf III would occupy 
a \ electron acceptor site of the receptor which is reiatea 
to their system of C.3 - 0, 5 of the physiological substrate. 
*h* chlorine atom at the phenyl ring has that favourable 
portion of disturbing the function of the psrosy group ax 
U^ticm 15 at which oxidation of the fatty acid tares place. 
(*o-nrula I). The cyclohssyl ring would occupy; an. area of tne 
enzyme which normally fits to section C 1? - G zo of cnam 0, 
the' fatty acid. She (Sj-methyl substituent lies below ^ne 
^ane of the uhenyl ring and would.be accomodated oy. a '•groove 



C n of the 

<*^-<-.f -r ~ 

physiological substrate „ 



in the enzyme which normally accepts the region of ^ 



3. Recently, Peterson et al.' (6,7) have again called . attention 

■ to the chelate complex forming properties of some ff&u They 
have been able to suggest that indomethacin, ibuprofen, and 
tdmetin inhibit cyclocxygensse by Dinding at the cations 
binding site which consists of one cf ' the ligands of the iron 
on ore side of ths.heme of ihe cyclocsygenase complex and by fcnaoisg- 

■ a t the hydrophobic region of the hems (Pig. 5). Accordingly.. 
ac<d ISA do not interact with eye" 5 ooxygenase itself bu* wxtn 
<ts~heme complement (see 18, 19)4 In this model, acid E3A do 

'not interfere with 'the active site'" of the cyclooxygenase 
complex which is represented by the second ligand of 'he iron 
on the other side .of the heme at .'which the iron bound to c^gen 
interacts with the double bond at C11, i. e. at the si«e of 




Cationtc 
Bindtag Site 



Hydrophobic Region 



Pig'. 5: 



- ■ *^or of a-achidonic acid with heme. CaTP-onxc 
xn*erac-i<m ox *-ac car - D0S yi group 

bindin^site rexers ,o D ^*j\ • DOr ^in ring. 
„,+>, p^ 2 " "Meand below uhe plaaio «-~ ? - w 
with Fs .u-s^ .. VQd to the second 

Position 11 of arachidomc u Uaked uo 
ro 2+ -n» tfien<» of the heme by *he 

ligand of ?e * bove uJls P A - Iie _ ^ 

perosy group 



forming the ' perojty radical • 



.« n , xv, e araehldonic acid (?ig. 5). This 
par,^ radical ^^J^an^o acid the acidic HS^are 
is ^sc,^s : -^ £ter90C , effi icaU y round the 
too shorv ana/ or „oo lisand eiTe of 

protoporphyrin ring in oraer .o .ea-H »*- 
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f"- ires, The non-occupation of this second iigand mi=*u oe tne 
emanation for the inability of indemethacin to inhibit .he 
t>e-cxidase activity of the PC endoperexide syntne-sase enzyme 
(6). «d. moreover, the lipoxygenase pathway which does hot 
require th,e heme complement a 

^hese three examples show that it is not yet possible to outline a 
o-nerally valid receptor model and that the conceptions 01 tne 
Jine-structure are little uniform. This means that the "custom- 
made" synthesis of N3A with, perhaps, .quantitatively ana 
qualitatively better properties is not yet possible. This may 
justify our investigations to optimise known USA by means of 
QSAS (3 - 12), which can both lead to more effective congeners 
of and contribute to concepts of the chemical structure of 
USA as well as of their receptee. In this paper, it is reposed 
on fenamates. 

Materials and methods 

The ^enamic acid derivatives have been synthetised by Eanni^et 
H~ ( 13j U ) t Their chemical structure is depleted in Table i. 
in.v were tested in the . cerraseenin rat paw edema at the cose 
of 100 ms/kg orally, except diclofenac (Ciba-Geigy AC- Basel) 
which was tested at the dose of 5 mg/kg. Carrageenin (sub- 
oiantarly 0.1 ml of a 1 $ Yiscarin solution, Marine Coll. Inc., 
S^ingfield) and the test substance were given simultaneously . 
Inhibition (58) of edema development was measured by comparison 
With a control group at hour 2, 3, and 4,resp„, after carrage^ 
■injection. Usually 10 rats were used per group. D*-a are „a*en 
only as the mean of the respective group. 



"nhysico-chemical parameters of -IT, B 8 , <T, logj , MR. *, 
Wchor and Verloop's constants are taken from the literature 
0 ~ hav* been calculated according to the respective ins^uct^ns. 
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. .•. Vii , nc -ct^ty of the substances at hour. 2, 3, 
TJae eaema xnnxbi^ ac.-^-O o total activity 

and 4 after carrageenin ^econ *s we a- 

•v of -o*r cent inhibition aT ncur 2, 4, — e - 

as xhe sum o ?.r cen ^ pl!ys ico-chs*ical 

in Sable 1 . ; d ^ £jjapie ^s.. 

constants and biological ac.iT2.t3 are ae b - twe „ ^ 

£ OTDm i P is -r«n of the relationship o-^een 

and rvalues, respeo^ve-s , ana _ 

next to the code of the respective suostance,. 

... tflW . < the total activity (2 act.) increases vofc 

luf enanic acid exhibits as the best Ju. . 

S6 ries. Above all,, does not eho* any characterise 

, Hnn *he biological .activity. Sne activi*} Ox -n 

correlation «i»n -he w.o- 5 e0BT)0Uad is additionally, 

chlorine derivative decreases^ - o ^ . 
chloro-substituted in 4- P o S ^on * ^^^^ ^ . 
and COOK derivatives shove *lso Xx-le on 1 

— • - --tr ^ ;, s — — 

of advantage (see .he 2 - C1 -^ J l the eu ^fration. 

however, bu""'-"" . . j-,*-* since une 3- 

„~ov,t 0 in the case of disubsxituoicn, s^ Be 
no" unfavourable in..ne -as ,.^.^1 derivative 

chloro-4-methyl derivative .and the 2,3-*-*-- - 
(ffl efenamic acid), respectively, are as effective as ^ . 
" tW i derivative (f lufenamic acid) . *hx. couxa bs 

llaCi0m -"" 5 " . ■ • „ 6-^feet 0^ the methyl group in 

connected «ith the ne^ve ^ . - ^ 
presence of the considerably- posx ^ « e--ec 

rnxp ^-substitution also implies mgn wxeo-ivx.j — . 
group. The 2-«ob^« ^ tl5jQfianaa tory activity increases 

diclofenac. Altoge.ne,, .as -a- pS , s shovm by the 

wit h the further increase of lipophilic! * , as _s 
• 2 ; 3-dichloro derivative and by' diclofenac. 

• ■ — the flufenamic acid as one of the best compounds 

0 ,«P,«g ^- -1 h dBteB , s pro posal 

introduced in-co The ma^ke*. c..e 
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~. ******* *- - n IS**. 

■ *" thi9 : "?,r oTeSion the 

^w^^i^te Hansen Analysis (16 - - n 

' ,„ o«?4T? (=1 has also been rexnves 
chemical parameter in QSAn. t,;, a— 

*•>,,, «T_ values of which basic 
-"-values of benzene, .phenol, 116 

ace'ic ac^d ^. wxt~ and phenyl acetic acid 

coefficients related to phenol, anxl-n-, and P ^ 
(not «hv«x in Table 2) were between -nose relied 
and pbanoST we^o acxd t-i co^ . substitut- 

es acidic nhenyl basic body are more e*fec.i/- * 
=- ^ * . T-^aed the basic ' structure 02 

ions at the bens ens .ring. Indeed, .ne o-s- 
• . answ .t. B is that of an acidic phenyl basic oody. in any cas 
A8aJn -" - . than preferentially 



f enaaates is that ox an ^^ttW 
the Rvalues of the phenol ace „ic acxa a . w - _^ 

used . the QSAH. ^V 1 ^^^^^-^ « 
acid aoiety has an aoeorption ^°-'-= , 



•70 



NcnBt2r=2.c»i 



• v^u-a but is then receding 30 
.sini, -lid during the ^ - ^ ^ , £ 



(Table 2) . ^ 

„ f QSAH, concerning T-vaiues o* 



dummy variable 



■duimay 





0 , 247 0.S206 O- 6 '" -0.4-1- 
0.4763 0.5M3_J^i 



.-AUog-thw, ,; „; sltM 4e S i«l parsers, 

use of a isrgw ^: n ^r,ts (hd to r = 

relatively ^^^^^ LUt. in all oases a 

dominating influence cf -< *es 
tne results obtained from PiS« «»- 

_,^tv at hour 2 after treatment 
using the antiinflammatory ac.i^ ^ lc0 _ 

ooly , a»^, lo, S - 

chemical parameters ox A. 4 ~ ^ obtained . 

^ r = 0.92B n = f ^ 

Accord^ « oou^oa, Wof. ^ Mios 
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^.^ "he -o^a^ded sis to 

ss=5S = - v - 

ar^-r. all in the range of 1.p2 " 

,, ^ f— » « could ,«^. 

„ Vfllv aT .* the following ones, 

• r = 0,810 s - 0.176' sx ^* = 99,5 * 

nog A (2. h) « 0.130 (±0.137)2b " ^- 

+1.069 (±0.212) „ 
f - 0.702-. • » 0.207 sign. = > 
■ r- M - 0 237 (+ 0.162)2F - 0.218 C± 0.358)2 
10£A °' J :^f 2 ( ; 0.105«* 1.077 C±0.230)_ 
r = 0.763 b - 0.211 sign. - 3*-° » 

iog A (3= h) - 0.233 (± 0.U3)*n O- ■ - 
+1.032 (±0.221) 
r = 0.733 s - 0.215 sign. = 99-S h 
, ^ D -109 (+ o.29S)£e~ 

.=0.766 s=0.175 exgn. -9,-7* 

fT 0 175 (- 0.120)2* - 0.120 (±0.08B)£B« 

log A (Xact.) = O. i /b> v. 

+1.567 '(+ 0.133) 
r = 0.729 B - 0.1B1 = *" B " 

*4«n« <t fas to be emphasised that . 

^Itaoufih the total sxs^-oan. o abo uld be 



3i 

. a0 - hydrophobic and rcluminous 

coefficient of * 8 ±n*i*«. — ^ , „ opxiau* of 

sub.tttu.at. should -^.prove ac ^ ^ sigriifioan t 

hydrophobic^ is to oe «P -; 4 e 2 „ mfitho:cy gr oup a, the 
quadratic bs ^ou* «, nee on 

m .t aromatic ring ?--~* CB , cu latior.s . According to 
— " a " ^ a oL - preyed position 



' ^.lv b- proved by 2X> 5 o V£l ' a9S 

. „ &bov * the conclusion ban be made that 
From the equations given fanama teS should be 

th". antiinf lavatory ao*x~* - *h- 

improved , substitution at the 

phenyl rxng no. ^ ~ ^ ^^^^ 

mcities* 

„„, „«> result obtain *J 6 

— iB " S !°e 4 ^; H^ «=™ o,- *. res—- 
but represents also a 

6 qsvP has not dramatically adduced 
2hus , in comparison to Fig. o ^ - com?rs hensi- insist 
, sw pledge of a deeper ana/or * ±tB ^isaticn. 

mto the present substance g tQ t - n8 f ac f that the 

Surely, this is partly or *";f ^ ^ the QSA* 
substance series did not , Q a few substituents 

^sis used because «^£;;~ leoul8 . xn that case, other 
* e-eral positions ox - ^ dsgree t*. into- 

^ mostly detsnninea oy one -«u 
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1 S potential fenamate derivative,. In that case, calculates 
mu *t bs exacted to merely give statistically nen-sign^csnx 
and, therefore, trivial results, Thus, no respective 
calculations were performed, 

*h« -suits obtained by QSAE are compatible with the above-ment- 
ioned receptor concept ' according to sfcich the carboxyl group 
of the acidic NSA binds with si anionic binding site ana a 
hvdronhobic/liuonhilic molecule moiety binds with an adjornng. 
area 'or on the" edge of the receptor -being here dependent on 
1-ipotJhilicity of the substituants and, therefore, of the 
compound. The Question of an uniquely existing optimum fxne- 
stnicture of the fenamates as well as of the capability of 
chelate complex formation with the heme iron of the cyclo- 
oxygenaee complex cannot be answered by our results. 



IH^t <t is shown that it is not yet possible to outline a 
generally valid receptor model for the non-steroidal anti- 
tnf^ammatorv agents. This is demonstrated by three examples of 
^ceotor models, namely by the model according to Shen, by xhe 
receo-or concept of Apple ton and Brown, and by the concept 
concerning chelate complex formation between NSA and heme' iron 
of the cycioozygenase complex according to Peterson et al. ims 
means tb = t the "custom-made" synthesis of HSA with, perhaps, 
quantitatively and qualitatively better properties is not yex 
possible. 

On the basis of this statement, QSAK investigations may be . 
JusKfied in order to optimise known USA. In this paper, QSaH • 
calculations on 21 fenamate derivatives are reported. Per this. . 
bot* the multivariate and the univariate Hansen Analysis were 
used. Altogether. 16 approaches to QSAR has been performed 
u-iug 1 - - biological and 3-19 physico-chemical parameters, 
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actively, with T - 21 objects, in ail cases a dominating 
Guinea of * has been indicated. Other physico-chemical 
-.o-ametTB seemed to be of less importance, e. g., 5T, i°S & 
ST Mv \arachor. and' Verloop 's steric constants. Possible new 
fenamate" structures of higher biological activity are briefly 



discussed. 
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